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Abstract 




PURPOSE:To obtain aluminum nitride-based powder, sinterable at low temperatures and suitable for 
forming by a doctor blade method. 

CONSTITUTION:Aluminum nitride powder is characterized by having 1.5-5mum central grain diameter 
and <=15wt.% content of fine grains having <=1mum gain diameter, <=3.5m<2>/g BET specific surface 
area, >=1.65g/cc compact density when 1000kg/cm<2> pressure is applied, 0.2-5wt.% content of a 
yttrium compound expressed in terms of yttrium oxide, a lanthanum compound so as to provide 0.2-9 
molar ratio (L/Y) and 70-500ppm sulfur expressed in terms of sulfur element. 
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JPH5-117039 

[Title of the Invention] 

ALUMINUM NITRIDE-BASED POWDER AND PRODUCTION METHOD 
OF THE SAME 

[Abstract] 

[Constitution] An aluminum nitride-based powder which comprises: a 
medium diameter of 1.5 Jim to 5 ixm; the content of a fine particle, having a 
particle diameter of 1 \im or less, of 15% by weight or less; a BET specific 
surface area of 3.5 m 2 /g or less; and a pressurized powder body density, at 
the time of applying a pressure of 1000 kg/cm 2 , of 1.65 g/cc or more, and 
contains: 0.2 to 5% by weight of a yttrium compound in terms of yttrium 
oxide; a lanthanum compound having 0.2 to 9 in mole ratio of L/Y; and 70 to 
500 ppm of sulfur as sulfur element. 

[Effect] It is possible to provide an aluminum nitride-based powder, 
capable of being subjected to low-temperature sintering, which is suitable 
for formation by a doctor blade method, and a production method of the 
same. 

[Claims] 

1. An aluminum nitride-based powder which comprises: a medium 
diameter of 1.5 jjm to 5 |im; the content of a fine particle, having a particle 
diameter of 1 nm or less, of 15% by weight or less; a BET specific surface 
area of 3.5 m 2 /g or less; and a pressurized powder body density, at the time 
of applying a pressure of 1000 kg/cm 2 , of 1.65 g/cc or more, and contains: 0.2 
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to 5% by weight of a yttrium compound in terms of yttrium oxide; a 
lanthanum compound having 0.2 to 9 in mole ratio of La/Y; and 70 to 500 
ppm of sulfur as sulfur element. 

2. A production method of an aluminum nitride-based powder, 
which comprises: mixing an alumina powder and a carbon powder; firing the 
mixture in atmosphere containing nitrogen; and removing the excess carbon 
powder after the firing by firing in oxidizing atmosphere, wherein a yttrium 
compound is added to the mixture in an amount of 0.2 to 5% by weight of a 
yttrium compound in terms of yttrium oxide to the aluminum nitride 
powder to be produced, adding a lanthanum compound in a manner that 
La/Y has 0.2 to 9 in mole ratio, and adding 70 to 500 ppm of a sulfur 
compound as sulfur element to the aluminum nitride powder to be produced. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention particularly relates to an aluminum 
nitride-based powder suitable for formation by a doctor blade method and 
can be sintered at a low temperature, and a production method of the same. 
[0002] 
[Prior Art] 

An integrated circuit tends to be required to have higher speed and 
higher integration and along with that tendency, increase of the heat 
generated per unit surface area of elements becomes a big issue. In order 
to assure proper operation of elements, it is highly expected to develop a 
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substrate material and an IC package material excellent in heat radiation 
property and because it has not only a high thermal conductivity but also 
high insulating property and a thermal expansion coefficient close to that of 
silicon, aluminum nitride has drawn an attention as a substrate and IC 
packaging material. 
[0003] 

With respect to a conventional aluminum nitride powder used for 
these materials, a fine powder with high purity has been developed so as to 
provide good sintering property and give a sintered body with high-thermal 
conductivity. A substrate and an IC package, which are practical 
industrial products of the powder, are obtained in many cases by forming 
the powder into sheet shape by a doctor blade method and firing sheet-like 
formed bodies to be products. However, since the most emphasis has been 
put on the sintering property, the conventional aluminum nitride powder 
cannot be said to be a powder suitable for the doctor blade method; therefore, 
it has been expected for long to develop an aluminum nitride powder 
excellent in sintering property at a low temperature and formability by the 
doctor blade method. 
[0004] 

[Problems to be Solved by the Invention] 

It is therefore an object of the present invention to provide an 
aluminum nitride-based powder, capable of being subjected to 
low-temperature sintering, which is suitable for formation by a doctor blade 
method, and a production method of the same. 
[0005] 
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In order to cany out formation by a doctor blade method, it is 
required for an aluminum nitride powder to be a slurry by dispersing the 
powder in a liquid dispersion medium. At that time, a dispersant, a binder 
and a plasticizer are added and, if necessary, a sintering aid is also added. 
[0006] 

The mixture obtained in such a manner is subjected to treatment by 
a ball mill or an ultrasonic dispersion method to obtain a slurry in which the 
aluminum nitride powder is evenly dispersed. The slurry is placed in a 
doctor blade apparatus, formed into sheet shape on a carrier film, and dried 
to obtain a sheet-like formed body with a thickness of generally 20 [xm to 2 
mm. 
[0007] 

At the time of formation by the doctor blade method, a cracking 
problem sometimes arises. When a sheet-like formed body is obtained by 
evaporating the dispersion medium from the slurry formed into a sheet 
shape on the carrier film for solidification and separating the solidified body 
from the carrier film, cracking occurs in the drying step in many cases. 
The cracking is supposed to occur because volume shrinkage is caused by 
the evaporation of the dispersion medium at the time of drying and 
consequently tensile stress affects the sheet-like formed body. 
[0008] 

Further, the binder removal of the sheet-like formed body becomes 
an issue. It is required to remove a binder or the like added for the 
formation by firing before main firing step in sintering process and, in the 
binder removal step, it is required for the binder to be easily removed so as 
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to suppress the residual carbon content as low as possible. 
[0009] 

The sheet-like formed body is converted to a dense sintered body by 
the sintering process, and the shrinkage ratio in this case greatly affects the 
precision of a product. That is, when the formed body density is higher, the 
shrinkage ratio at the time of sintering is smaller to give a product with 
better size precision. Accordingly, an aluminum nitride powder from which 
a high formed body density can be obtained is desired. 
[0010] 

As described above, an aluminum nitride powder suitable for doctor 
blade formation is required to satisfy many properties. Further, at the 
time of firing a substrate and a package, firing at a temperature as low as 
possible is desired in view of continuity and production cost and it is 
required for an aluminum nitride powder to be sintered at a low 
temperature. However, no aluminum nitride powder which is satisfactorily 
excellent in both formability and sintering property at a low temperature 
has been made available so far. 
[0011] 

Under such a situation, the present inventors have made 
investigations into an aluminum nitride powder suitable for doctor blade 
formation and excellent in sintering property at a low temperature, have 
found that existence of sulfur can improve the evenness of sintering and 
that existence of specified ratios of an yttrium compound and a lanthanum 
compound in a raw material for nitridation reaction and coexistence of 
sulfur with them give an aluminum nitride powder suitable for doctor blade 



Hereinafter, the present invention will be described in detail. The 
range of the medium diameter of an aluminum nitride-based powder of the 
present invention is 1.5 to 5 Jim, preferably 2 to 4 pin. When the medium 
diameter is less than 1.5 Jim, cracking tends to be easily caused at the time 
of drying a sheet-like formed body by a doctor blade method, meanwhile 
when the medium diameter exceeds 5 \xm 7 the sintering property is 
deteriorated. 
[0015] 

The BET specific surface area of the aluminum nitride-based powder 
of the present invention is preferably 3.5 m 2 /g or less, more preferably 3.0 
m 2 /g or less. When the BET specific surface area is higher than 3.5 m 2 /g, 
binder removed becomes difficult to result in increase of remaining carbon 
content after firing for binder removal. r When the carbon content increases, 
it causes an adverse effect on sintering to decrease the sintering density. 
As an aluminum nitride-based powder excellent in binder removal property, 
it is required for the powder to have a small BET specific surface area 
relative to the particle diameter. That the BET specific surface area is 
smaller for the same particle size means there exist a fewer agglomerated 
particles and primary particles have spherical shape and the surfaces of 
particles are therefore less uneven and consequently, it can be supposed 
that the amount of the binder which is adsorbed on the recessed parts of the 
particle surface and hard to be removed is decreased. 
[0016] 

The aluminum nitride-based powder of the present invention 
preferably has the content of a fine particle, having a particle diameter of 1 
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Hm or less, of 15% by weight. When a large amount of fine particles are 
contained^the binder removal property is not good and, therefore, it is 
desired that the content of the fine particle with a particle diameter of 1 jjm 
or less is small. A sheet -like formed body produced by using an aluminum 
nitride-based powder in which the content of a fine particle, having a 
particle diameter of 1 fxm or less, exceeds 15% by weight is difficult to 
remove a binder from it and the content of the remaining carbon after firing 
for binder removal increases. 
[0017] 

The aluminum nitride-based powder of the present invention has a 
pressurized powder body density of preferably 1.65 g/cc or more, more 
preferably 1.70 g/cc or more. In the case where the pressurized powder 
-body ^density as an aluminum nitride powder to be used for doctor blade 
formation is lower than 1.65 g/cc, it is impossible to obtain a sufficiently 
high pressurized powder body density. Herein, the pressurized powder 
body density means the density of a pellet formed by a die with a pressure of 
1000 kg/cm 2 . 
[0018] 

Further, the aluminum nitride powder is required to contain a 
lanthanum compound and an yttrium compound, sintering aids for making 
sintering possible at a lower temperature, in a specified ratio. The content 
of the yttrium compound is 0.2 to 5% by weight in terms of yttrium oxide 
and the content of the lanthanum compound is in the range of 0.2 to 9 in 
mole ratio of La/Y. When the amount of these sintering aids is insufficient, 
the effect is insufficient and when the amount is too high, the thermal 
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conductivity is deteriorated. The mole ratio of La/Y is preferably in a range 
of 0.2 to 9, and it is not preferable when it is out of this range, the sintering 
property at a low temperature or the thermal conductivity is adversely 
deteriorated, y 
[0019] 

The aluminum nitride-based powder of the present invention is 
required to contain sulfur in a concentration of 70 to 500 ppm as sulfur 
element. The existence was found effective to improve the sintering 
property, especially, evenness owing to the synergistic effect with 
yttrium/lanthanum. When the content of sulfur is lower than 70 ppm on 
the basis of sulfur element in the aluminum nitride powder, no sufficient 
effect is observed and when it exceeds 500 ppm, the remaining amount of 
sulfur in the resulting sintered body becomes high and it tends to result in 
undesirable deterioration of the electric characteristics such as the 
insulating property, the dielectric loss and the like of the sintered body in 
the case where the sintered body is produced. 
[0020] 

Further, it was found that the existence of sulfur is effective to 
suppress uneven coloration, which has been often observed conventionally 
in a sintered body. The uneven coloration does not directly affect the 
physical properties of the sintered body; however, generation of uneven 
coloration lowers the value as a product; therefore, it is not preferable. 
[0021] 

The aluminum nitride-based powder production method of the 
present invention is for obtaining an aluminum nitride-based powder by 
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adding an yttrium compound and a lanthanum compound as sintering aids 
for an aluminum nitride powder before nitridation reaction and growing 
grains by the effect of the sintering aids in the nitridation reaction. The 
amount of yttrium and lanthanum to be added should be proper for both 
cases of the nitridation reaction and the sintering of the obtained aluminum 
nitride-based powder. The amount of the yttrium compound is 0.2% by 
weight to 5% by weight on the basis of yttrium oxide and the content of the 
lanthanum compound is proper to satisfy the mole ratio of La/Y in a range of 
0.2 to 9. In the case where the respective addition amounts are lower than 
the above-mentioned ranges, the effect to grow the grains of aluminum 
nitride cannot be expected and on the other hand, in the case where they are 
higher, grain growth tends to excessively proceed and agglomerated grains 
tend to increase and the mole ratio La/Y of lanthanum and yttrium is 
required to be in a range of 0.4 to 9. When it is out of this range, the 
sintering property at a low temperature or the thermal conductivity is 
deteriorated. 
[0022] 

In the case of performing the method of the present invention, as 
raw materials, an alumina powder with a purity of 99.0% by weight or more 
and an average particle diameter of about 0.2 to 4 pm and a carbon 
powder, generally carbon black, with an average particle diameter (by a 
centrifugal precipitation method) of about 10 jam or less are used. The 
ratio of the alumina powder and the carbon powder to be used is in a range 
of (1 : 0.35) to (1 : 0.75) on the basis of the carbon weight to that of alumina. 
In the present invention, it is required to evenly mix the raw material 
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alumina powder and carbon powder with an yttrium compound and a 
lanthanum compound. Especially, in order to evenly mix the yttrium 
compound and lanthanum compound with the raw material alumina powder, 
for example, a method comprising the following steps is employed: a slurry 
is produced by dispersing an alumina powder in water at pH 8 or more; 
while an alkaline solution being simultaneously dropwise titrated so as not 
to lower pH 8 or less, an aqueous solution mixture of yttrium nitrate and 
lanthanum nitrate is dropwise titrated to the slurry to precipitate yttrium 
hydroxide and lanthanum hydroxide and consequently obtain a slurry of 
alumina coated with these compounds. Successively, the carbon powder is 
added to the slurry and mixed and dried to obtain a raw material for 
nitridation reaction. 
[0023] 

The content of sulfur contained in the carbon powder used in this 
case greatly affects the properties of the aluminum nitride-based powder to 
be produced. Herein, although the mechanism of how sulfur affects the 
properties of the aluminum nitride-based powder is not made clear, it is 
found that if there exists sulfur or a sulfur compound in an amount of 70 
ppm to 500 ppm on the basis of sulfur element in a mixture of the alumina 
powder and the carbon powder relative to the aluminum nitride powder 
after sintering, an aluminum nitride-based powder suitable for formation by 
doctor blade can be obtained. Although it is not particularly limited to that, 
it is preferable that sulfur in amount of 0.1 to 1 parts by weight exists, for 
example, in 100 parts by weight of the carbon powder. 
[0024] 
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In the case where sulfur is contained in the carbon powder, the 
carbon powder can be used as it is and when a desired amount of sulfur does 
not exist in the carbon powder, a single element sulfur or a substance 
containing sulfur, for example, aluminum sulfate, may be added to a 
mixture of the alumina powder and the carbon powder. 
[0025] 

The raw material for nitridation reaction obtained in such a manner 
is fired in nitrogen atmosphere to carry out nitridation reaction to obtain an 
aluminum nitride powder suitable for formation by doctor blade and 
possible to be sintered at a low temperature. The nitridation reaction is 
carried out generally at 1500 to 1800°C, more preferably at 1550 to 1700°C. 
When it is 1500°C or less, the alumina particles in the center sometimes 
remain unreacted and when it is 1800°C or more, sintering of the aluminum 
nitride-based particles proceeds and the agglomerated particles are 
increased to result in broad particle diameter distribution and decrease of 
the pressurized powder body density. 
[0026] 

[Effects of the Invention] 

With respect to an aluminum nitride-based powder of the present 
invention, the power is capable of providing a sheet, which scarcely causes 
cracking at the time of drying, has a high formed body density, and is 
excellent in the sintering property at a low temperature, and is especially 
suitable for formation by doctor blade and thus remarkably industrially 
useful. 
[0027] 
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[Examples] 

Hereinafter, the present invention will be described practically with 
reference to examples; however, it is not intended that the present invention 
be limited to the following examples. It is noted that the characteristics of 
powders were measured by the following apparatus and methods. 
[0028] 

(1) The medium diameter and the content of fine particles with a 
particle diameter of 1 pm or less: Sedigraph E 5000 manufactured by 
Micromeritics Co,. Ltd. 

3 g of an aluminum nitride-based powder was dispersed in 40 g of a 
0.5 wt.% n-butanol solution, Ceramo D-18 manufactured by Dai-ichi Kogyo 
Seiyaku Co., Ltd., by treatment with ultrasonic wave for 10 minutes and 
subjected to the measurement. With respect to an alumina powder, 3 g of 



^ralumina powder was dispersed in 47 g of an aqueous 0.01 wt.% sodium 
hexametaphosphate solution by treatment with ultrasonic wave for 10 
minutes and subjected to the measurement. 
[0029] 

(2) BET specific surface area: a BET specific surface area 
measurement apparatus Microsorbe II 2300 model manufactured by 
Micromeritics Co,. Ltd. 

[0030] 

(3) Oxygen amount: Oxygen and nitrogen-in-ceramic analyzer 
EMGA-2800 manufactured by Horiba Co,. Ltd. 

As a standard material, a silicon nitride powder R-005 
manufactured by Japan Fine Ceramics Association was employed. 
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[0031] 

(4) Pressurized powder body density: 3 g of an aluminum 
nitride-based powder was formed into a pellet -like shape by applying 
pressure of 1000 kg/cm 2 without adding a binder and the density was 
calculated from the size and the weight. 

[0032] 

(5) Sulfur content in carbon powder and aluminum nitride-based 
powder: Fluorescent x-ray analyzer PW 1480 model manufactured by 
Philips Co,. Ltd. 

The sulfur content of a carbon powder containing sulfur about 2500 
ppm was quantitatively measured by wet way chemical analysis and the 
carbon powder was used as a standard reference of the fluorescent x-ray 
analyzer. The sulfur content was also calculated by proportional 
calculation from the pure intensity of Ka-ray of sulfur. 
[0033] 
Example 1 

In 1500 g of water were dissolved 8.3 g of Noigen EA-137 
manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd., 7.5 g of SN-dispersant 
5468 manufactured by San Nopco Ltd., and 29.4 g of polyethylene glycol 
#1000 and further 2000 g of an alumina powder having a medium diameter 
of 0.5 Jim, a BET specific surface area of 7.6 m 2 /g, and a Na 2 0 content of 
0.26% was added thereto and dispersed by treatment with ultrasonic wave 
for 30 minutes. To the obtained alumina slurry were dropwise titrated 
with 83 mL of an aqueous yttrium nitrate solution and 414 mL of an 
aqueous lanthanum nitrate solution. The aqueous yttrium nitrate solution 
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was adjusted so as to contain 100 g (on the basis of Y2O3) of Y in 1000 mL 
and the aqueous lanthanum nitrate solution was adjusted so as to contain 
100 g (on the basis of La20 3 ) of La in 1000 mL. The amount of the yttrium 
nitrate to be dropwise titrated was adjusted so as to be 0.5% by weight on 
the basis of yttrium oxide in the aluminum nitride-based powder and the 
amount of the lanthanum nitrate to be dropwise titrated was adjusted so as 
to be 2.5% by weight on the basis of lanthanum oxide. Simultaneous with 
dropwise titration of the yttrium nitrate and lanthanum nitrate, a 
concentrated ammonia water was added dropwise so as to adjust pH 9.5 and 
also was titrated with 82.5 g of SN-DISPERSANT 5468 to suppress the 
viscosity increase. The slurry of alumina bearing precipitated yttrium and 
lanthanum hydroxides and obtained in such a manner and 941 g of carbon 
black (having a sulfur content of 0.26 parts by weight to 100 parts by weight 
of the carbon black powder itself) with an average particle diameter of 2.5 
Jim were mixed for 20 minutes by a particle granulator manufactured by 
Fuji Sangyo Co., Ltd. and the obtained mixture was dried at 120°C for 15 
hours to obtain a raw material for nitridation reaction. A tray made of a 
graphite was charged with 400 g of the raw material for nitridation reaction 
in a thickness of 15 mm and nitridation reaction was carried out by firing 
the raw material at 1660°C for 8 hours in nitrogen current. The 
temperature rising rate was controlled to be 2.6°C/minute. After the 
nitridation reaction, firing at 700°C for 2 hours in air was carried out to 
remove excess carbon and obtain an aluminum nitride-based powder. The 
characteristics of the obtained aluminum nitride-based powder are shown in 
Table 1. The oxygen content in the obtained aluminum nitride-based 
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powder was 1.75%. 
[0034] 
Example 2 

An aluminum nitride-based powder was obtained in the similar 
manner to Example 1, except that as sulfur, an aluminum sulfate solution 
was added 0.25% by weight to 100 parts by weight of carbon after the 
titration of yttrium and lanthanum nitrates and as carbon, carbon with a 
sulfur content of 0.05% or less to 100 parts by weight of carbon itself was 
used. The characteristics of the obtained aluminum nitride-based powder 
are shown in Table 1. 
[0035] 
Example 3 

An aluminum nitride-based powder was obtained in the similar 
manner to Example 1, except that 166 mL of the aqueous yttrium nitrate 
solution and 497 mL of the aqueous lanthanum nitrate solution were 
dropwise titrated. The characteristics of the obtained aluminum 
nitride-based powder are shown in Table 1. 
[0036] 

Comparative Example 1 

An aluminum nitride-based powder was obtained in the similar 
manner to Example 2, except that no aluminum sulfate solution was added. 
The characteristics of the obtained aluminum nitride-based powder are 
shown in Table 1. 
[0037] 

Comparative Example 2 
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An aluminum nitride-based powder was obtained in the similar 
manner to Example 1, except that 497 mL of only an aqueous lanthanum 
nitrate solution was added. The characteristics of the obtained aluminum 
nitride-based powder are shown in Table 1. 
[00381 

Comparative Example 3 

An aluminum nitride-based powder was obtained in the similar 
manner to Example 1, except that 497 mL of only an aqueous yttrium 
nitrate solution was added. The characteristics of the obtained aluminum 
nitride-based powder are shown in Table 1. 
[0039] 

Comparative Example 4 

In 1500 g of water were dissolved 8.3 g of Noigen EA-137 
manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd., 7.5 g of SN-dispersant 
5468 manufactured by San Nopco Ltd., and 29.4 g of polyethylene glycol 
#1000 and further 2000 g of an alumina powder having a medium diameter 
of 0.5 ^m, a BET specific surface area of 7.6 m 2 /g, and a Na 2 0 content of 
0.26% was added thereto and dispersed by treatment with ultrasonic wave 
for 30 minutes. The obtained alumina slurry obtained in such a manner 
and 941 g of carbon powder (having a sulfur content of 0.05 parts by weight 
or less to 100 parts by weight of the carbon powder itself) were mixed for 20 
minutes by a particle granulator manufactured by Fuji Sangyo Co., Ltd. and 
the obtained mixture was dried at 120°C for 15 hours to obtain a raw 
material for nitridation reaction. A tray made of a graphite was charged 
with 400 g of the raw material for nitridation reaction in a thickness of 15 
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mm and nitridation reaction was carried out by firing the raw material at 
1660°C for 8 hours in nitrogen current. The temperature rising rate was 
controlled to be 2.6°C/minute. After the nitridation reaction, firing at 
700°C for 2 hours in air was earned out to remove excess carbon and obtain 
an aluminum nitride-based powder. The characteristics of the obtained 
aluminum nitride-based powder are shown in Table 1. The oxygen content 
in the obtained aluminum nitride-based powder was 1.10%. 
[0040] 
Example 4 

Using the aluminum nitride-based powder obtained in Example 1, 
polyvinyl butyral as a binder and dioctyl phthalate as a plasticizer in 
amounts of 10 parts by weight and 5 parts by weight, respectively, were 
added to 100 parts by weight of the aluminum nitride-based powder and 
using a mixture of toluene and ethanol in a ratio 6 : 4 by weight as a 
dispersant, a sheet-like formed body with a width of 100 mm was produced 
by doctor blade formation method. No cracking took place at the time of 
drying the sheet-like formed body, the formed body density was 1.74 g/cc, 
and the formability was found excellent. After the sheet-like formed body 
was fired at 500°C for 30 minutes in air, the residual carbon content was 
measured to find that it was 0.096% by weight showing excellent binder 
removal property. 
[00411 
Example 5 

The aluminum nitride-based powders obtained in Examples 1 to 3 
were sintered in the following method. In 40 g of n-butanol were added 0.1 
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g of Ceramo D-18 manufactured by Dai-ichi Kogyo Seiyaku Co., Ltd. as a 
dispersant and 0.2 g of an acrylic resin as a binder and 20 g of each 
aluminum nitride-based powder was added thereto and mixed by ball mill 
mixing for 4 hours in a wide mouth polyethylene bottle with 250 mL 
capacity by using 40 pieces of iron-core plastic balls with a diameter of 15 
mm and then dried. Each dried mixture was press-formed into a pellet 
with a diameter of 13 mm and a thickness of 10 mm by pressure of 300 
kg/cm 2 using a die and further formed by a rubber press at a pressure of 
1500 kg/cm 2 to obtain a formed body. The formed body was sintered at 
1650°C for 5 hours under normal pressure of nitrogen atmosphere in a 
double structure container made of carbon. The density of each sintered 
body and occurrence of uneven coloration were observed. The results are 
shown in Table 2. 
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1 

«T©fWMS«*s 1 51f%WT, B E TJtaUfBt^ 
3. 5m 1 /sfiTF. 1 0 0 0 kg/cm 1 <DEE^£jdn 
*fci*<DBEt&f*»ffail . 6 5*/cctLL 
'J^fb^tegtfb-/ v h y^AWBOTLT 0. 2-5 
L a/Y<D^:;H:bO. 2-9i3iS'7>^Wt 
te*C«K*BE*5BR<i:OT7 0-5 0 0 p p m 

2^511%, ^>5rWb-S«*La/YCD*JHfc0. 
2^-9«c«c4J:5<caW3-tt. *»omWfc^h«s«5c 
Sat, £/3ET*2ftTJUS ^^A8J^CC^LT7 0 
-5 0 0 p pm£a*±5CC#WS*5c4*«&£T 

[00 0 1 ] 
CO 0 0 2 ] 

as stares. 

[ooo3] cn6©*m«cfflt>6*i4ae*©BE{tr^ 
u- Kffi«cj:*}*>- hma$M3ft, M&xmzm-cm 

fi£5fecDM{br;U5«^At&^«gg^ 

[0 0 0 4] 
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2 

[0 0 0 5] K^^-^U- FffiCCjzSfiHBifT 
JOT 4. 

[0 00 6] COJ:^CcLr»fciB^«S*#-jUs;l/S 

io *k**-;tu-ksb»cwku +t';77^;u± 

[00 0 7}-K^5r-^u--Kttccj:5JSHBRCC, Ltt 
U*»ft©MH#lfe£T-£. +t«J77^ ;UA±CCf>- 

20 r*ti3&*«^r4*)©4*it^hs. 

[0 00 8 ] *fc, ^-hflasHBfl«D^^>y-|»SAs 
teXg©*«iiJE«:ASllJK:«&5Sl»*-r ^»Ci 

o, c<o^^>y-»£xaffij6ctt. ^-op-ams 
tc»*sti, 3S»K*a*rsa*r # * /cw < <c s c 

[0 00 9] Sz-httfiBBtttt, iS^Il^CiiC 

#?§6ft£. ffioTKt>^»ffl8#»6ft*fiftTJU 

[0 0 1 0 ] C(DJ:^{C, F^^-yu-h'^CJti 
fcMibT Jlo^-O < ©ft 6 ft T I \ 

Sh* h©ffiJ:f3r*S^(Sia"C<0«lfiS3&saSftr*j 

40 ftri»ttc>. 

[ooi i ] *5^s»«cca*, *«9i^^ttK^^- 

ftfca{tTiU5-^A»*tC-3l,4-C«i*Ofciie*. 

SSE?-t±. CftiSSUiSas-SicitciOWcc 
50 [0012] 



3 

ffig# 1 . 5 - 5 urn v SiS 1 w m«T©S8tte?iS# 
15SM%«T, BETlt«raa**3. 5m 1 
T. 1 0 0 0 k g/cm* (DE.^m^tctt<OEB» 
ffl£#l. 6 5g/ccJ£LL ^ hy«5Aft^«r«:M 
\tA v b V -5A6Ctft»Lr 0. 2-511%, La/Y 

^5E^7U^i LT7 0 — 5 0 0 p pmSfll/tftiCi 
[0013] $ blC&miUTJl 5 ^S^£27-*>1» 

MJ^AKgyiLT, £ffiTS»fcT^5-$A»3fcK: 
*fOT0. 2-5£g%, -7>*>{k^&£La/Y<D 
■^UtO. 2-9&C#£j:5 5C§W;*i* *>oSB3Wt£- 
^^S^ItTc^i it, ^T5SfkTJU5~2A»5KK: 
#bT7 0-5 0 0 p pm±«c£J:9CC*WS*i , fcC£ 

CO 0 1 4 ] HT. *f£HJ£l£ftfKISBJ3T£. *»9!© 
SHfcT U5 AK»5R©ifi-C4fta<OiSHtt 1 . 5-5 
Mm, $ L< {£2— 4 um"C*>^ a ^OfiS** 

1. 5 um*iS-CCi. £ — rT'U — Ki£CC b 

C0015] *Stffi<Dm<tT>\> 5 AJMKfOTB E T 

3. 0m 2 /ff«TT*5Ci*S3 6CC«Faut». BE 
TJ£S®f§#3. 5m J /g- <fc 9X£0><t, /*-f>$f- 

[0016] *«q8©2{tr^ ^^Af^i^ 

1 m WToaiflESwa^ 1 5 it%aT"c* 5 c 
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4 

a. 

[0017] ^^sjcoMftr^ 5 - AK»5RjJBE»tt 

5fCjfiL<«l. 7 0 ff/c cJ£Lbr*5. K££- 
^ u - K JiJHBcc fiMr sai t r ;u $ - ^ a »5R <hir t 
E»#ffiK#l. 6 5 ff/c c J:0ffit>»&tt^flm> 

itJlOOOkg/cm 1 Qg:ft-c<frggfr ffffl f f, 
10 [00 18] S6«ca{fcTJU5i^AK»**CCtt. cfc 

0 fifirjRiSgjfiBft 6 L# £fc#cc^j&#jr& 5 5 > 
$^±4 y b y -JACDft^s&iWStWc^irshrc* 

^OSWKiLa/YO-tJUifcO. 2-9«Diit^ 

t»<hJ»£*fi©{8T*JB< . *fcLa/Y<D*:;UH;K 
0. 2^9<DmM&^VC<Dmm&%TtiZ>t&i%M 

20 [0019] *^gog{tr;u ^ Aasja^cctt, 

$6«Ctt**«Sl7aR<fcLr 7 0 — 5 0 0 p pm§W$ 

0 p p m«t 0^ttl*J»^6i+»tt3aS3&Jg2sb6tir. 5 
0 0 p p miO*C»»^Ji*Se**fWLfci»*CC«as 

30 t*. 

[0 0 2 0 ] *fc. *«»*dflrsnac<fcecj:o. 
tc. feA 5 CJ^MftcDiBJttCCigS^T^ 6©r ttJCcl* 

[0 0 2 1 ] *«W©SfbTil/ 5 ~0 A«t&5EO»ig5J 
h 'J ^A{t^<DM#®{t^ 7 f* 'J^AtC^StLT 0. 

YcD^i/itc^o. 2-9<7>®fflr*-5 0 -en-eno^sjn 

i0 i-f-;Fy)A©^UtLa/YttO. 4-9CD^Hr 



5 

[0 0 2 2]*#HB#£©jS»CCRU JBB4<tor, 
g9 9. OfiJi:%J^±r- t V^tt^asftO. 2ym- 

1 0 /imii(B*-#>ai flS*-#>^^ 7 

iI3TT;U = 7^»5RlC#T£»aH:r 1 : 0. 35-1 : 
0. 7 5<DffiHT**i«J:t>. *»iacc*jc^rtt. MR. 

il/5^»*CC-f v h U ^A;fe%j:tf T^^wt^^fcj- 
**8 feiT«cfiT J: 5 &ct;u# y jK*raie«:iBTL 
«t#€>STU 7kBMfc-f * h y-5A. *»ffc -7 >*><!: 

[0 0 2 3 ] coi*«Bra*-#>»5R"»»«ca*n 

mtLX 7 0 p pm-50 0 p p m±tt5a©R1Wcl> 

«^.tf*-#>»*.i o o««3Btc*turo. 

1 - 1 ««SM)«W^?faErtitf 

[002 4] *-:K>»^*K:ttJWs$*m:i^J»d 

[ o o 2 5 ] c o Lr»6nteaftsicsfl[»*. HJ£ 
ts^s^ti*. afbJgjBtt— nacc isoo-isoo 

"C©a/SSBH"C?f t>ti S3&s, £9 1550 — 

1 7 0 0 *C©SgEir* 1 5 0 0 t«Tttt7;t, 

9 , 1 8 0 0 "CtLbr ttSffcr ;u s - $ ASfi^ojjfi 

[0 0 2 6 ] 
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6 

s. 

[0 0 2 7 ] 

[0 0 2 8 ] ®*^ttS*5 JcCf-taS 1 m mHTOatlS 
Wfi : 

; W y 7 ^^ttiS tf^77 E50 
0 0 

»fcr;u 5 - * a 3g^, ®-zts!ift^ 
mz7*D-18-NO0. 5fiM%n - :T £ y - jujgjg 

20 g*^tf^£ y >^ h y^Aoo. oimm%*^ 
?g4 7 gic@§igr i ofttatsMTzc tic 

[0 0 2 9 ] ©BETttSlffill \ 4 $u J *)t- 4 v 2 

xitm bet tksmmais&a. 

-?<{9av — 7n 2 30 01 
[0 0 3 0] Q)SS1 ; ft3£tt«tKf¥9fH -b^ S 

EMG A - 2 8 0 0 

30 *t»^R -0 0 5^1^ 

[0 0 3 1 ] ©BEf&ffc^g ; S&2 0 mmfflO-|4« 

f^teLriOOOkg/cm 1 CDEE^J^»Dx.r^ 
[0 0 3 2 ] Gt>-#>®m*s<k&&ftTfr$-VA'K 
:^'J7 :7\*4tSt mtXSLfrVimat PW1480 

56**2 5 0 0 p p mgSStf*-^>»5Ec|36r)Sa|f$ 

[0033] mmm 1 

tK 1 5 p o ? cc»— xasjittx^tts-/ w y> E a - 

13 7*8. 3g. ^>^7'nttKSN-D]SPER 
SANT5 4 6 8*7. 5g. ^'Jx^by^'ja-^ 
* 1 00 0*2 9. 4*SJBS-e. ^MS^'0. 5/i 
r. BETi;tafflS7. 6m' /gtNaO, SWl^ 
0. 2 6%©7;^tS2 0 0 0 geDit. 3 0^b1 



(5) 
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>*?S«4 14ml STl/c. v V V V A*?g?g 

<*HttiY#l 0 0 0 m 1 O, iUtlOOg^ 

^lOOOmlftCLa, O, ilt 1 0 0 

>*>idftffOT2. 5SM%CCt§^-T£. fliBK y h 

iSTl t PH^9. 5fCfc£J:5fC»8U SN 
-D I S PERSANT5 4 6 8 8 2. 5 gluIBSKni 
TO, *£Si^£flPx./c. C©J:3CCl,T»6*i/c*K 

&7-S2. 5iimO*-^7 7i7(iKSf»s* 
-#>»5fcl 0 0a*3SCC*tL0. 2 6Itai) 94 1 

*flUHb-C2 OflfllJiS^U ^flELfcBaa^gj* 1 2 0 

JSCE«JH*44 0 Og*W77-f HtOhl/-±(CiS 20 
1 5mmi&5J:5fCf±ii^ MS^iS** 1 6 6 0 "CtC 
T8BW^L«tKJ£*fT->fc. ^SMS5i2. 6*C 

/»i^c e fiYtsisa. 2E«*r7 0(tc«:t2b#ih 
iSSEU *gft*u fiffcT^usx-jASpR 

»i 1. 7 5%t*o/c. 

coo34] mmrn 2 

5BK-/7M/-5A. 7>^>^irg, kkt^sx^ 
^WL^mmt bt^-^>i 0 ofisa»c*tuo. 2 30 

> 1 0 ommmcztLo. o5%aTot><oi:mmotc 
mzm&m 1 tnm^-^mvsntr^^^o^tm^ 

ntc »5ti/taftr^ $ x^ a W»*fl[>4Stt** 1 cc 
[0 0 3 5]H^3 

WK-f * h 'J-5A*i6«l 6 6ml, «SK -5 

$4 97ml £STO?cffcSiHffi0q 1 tRiaa^rffirfi 

Af»*©Wt*» 1 CCST. 40 

c o o 3 6 ] asm i 

8tHTiU5i^AS«*lID^<cl»flfe«3liBW2 iEiatt 

* A«©^Ol*tt*a 1 CCTjkT. 
CO 0 3 7 ] Jt«W2 
iBM^>^>7k»SS©**4 9 7 m 1 SrFL/cffettHSfe 

[0 0 3 8 ] Jt««3 
KB-/? h y^ATjcjgjR©*^ 9 7 m liSTl&tett 50 



l <b^^^arMftr;u5-^Ag^^f# 

fc. »6nftaftTJl/5--5AH»5R©«Fl$*«lficS 
T. 

[0 0 3 9] Jt«W4 

* i 5 o o S ccsff-xawiBfe^^ttsy -f y> e a - 

137£8. 3g % f^y^n^tSSN-DISPER 
SANT5468£7. 5g, * y U > if V 

# 1 00 0*2 9. 4 ffSKSit. *-C4ftSM*0. 5u 
T\ BETit3lffiS*7. 6m 1 /gtNaO, 

0. 2 6^0TJU5^|»2 0 0 0 ir£fln;Lr, 3 0M 
OM^MJICC J: *) frfo £ i±t Co C©J:5«CLTS6ft 

oo*«stc*too. o saasstiT) 9 4 

2 1 5mm<!:&£<fc5GC{±&# % SSSSlifi* 1 6 6 0 'C 
«CT 8 ^fel^ LS{tJ£l££?T o tc. mSMSit 2 . 6 
m C/#£ Ltc. m<tJxfc'&> 3m<PX7 0 0 "CCCT 2 0$ 

rms/seu *«*-!p>*i»iL, sfkr^5-->ASt 
if^n/c^br^^-^AH^oitts^ 

a 1 {CtjtT. ^/c^5tl/cMftT^5-^A^^cDM 
[0 0 4 0 ] HSS0U4 

*tSWl rSsnfcSEftr^a^^AHI&JKSrflEfflL. 
ts/**^;U7*u- h^Mftr^^r-^AK^^i o 

U K^^-7'U-WMfforiOOmm 

*s«F©*n©*^«fj: < . fS3&#mmt i . 7 4 c 
* 5 0 0 -c-c 3 0 t , »a«3R*» «*assr ^ 

iO. 0 9 6119fitft0 % ^-f >^-»*tt«S»r 

[0041] mmms 

mitrji 5 x ^7 Aim^ofta^set&n 1 - 3 vmzti 
»ior»— □aaaitisscsttK-fe^^D- 1 8*0. 

1 e. ^>f>f'-iLr7^ yjMSBSrO. 2g^ 
L. *S{tr^5x-i;AK»^2 OffSrasjnur 2 5 0 

m 1 #yx^u>sjcn«[iiaai smmoaesAo^ 

■C3 0 0 k ff/cm 1 CDiE^rilSl 3 mm. IS l 0 
6C<tO 1 5 0 0 kg/cm 1 (DEEtJVfM^^m^mm 
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SB*T\ 1 6 5 0-Cr5B»|BIS!»l,T*fflRfS*fT-3 *[0 042] 

fc. s^«®gosjs*jic/eA7<D^5rsa^L can 
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2.07 


L76 


L0 
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150 




1.7 


14 


2. 86 


1.59 
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< 50 
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11 


2.65 


1.68 
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150 
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2. 15 


1. 75 
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140 


Jttfc#J4 
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11 


3.05 


L56 
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< 50 
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